Intraventricular meningiomas are primarily a surgical disease. One of the most important aspects in their operative treatment is controlling their arterial blood supply. 1 In an attempt to reduce the vascularity of meningiomas, pre-operative particulate embolization is often used. However, the potential for unwanted reflux within the intracranial vasculature usually limits this approach to those lesions supplied by arteries from the external circulation. Because intraventricular meningiomas are supplied by branches from the intracranial circulation, these lesions are not typically embolized due to the risk of particulate reflux.
Onyx (Covidien, Irvine, CA, USA) is a liquid embolic agent that potentially offers better operator control than particles and may be appropriate for embolization of some tumours. Here we present a case of an intraventricular meningioma with arterial supply from a lateral posterior choroidal artery in which Onyx was used to successfully devascularize the lesion prior to operation.
CASE REPORT
A 22-year old previously healthy woman presented with a two-month history of progressive headache, nausea, and vomiting. Examination revealed decreased sensation to the left side of her face and arm and a subtle left-sided pronator drift. Cranial computed tomography (CT ) ( Figure 1A ) followed by magnetic resonance imaging (MRI) ( Figure 1B ) revealed a large homogeneously enhancing tumour within the right atrium of the lateral ventricle with imaging characteristics consistent with a meningioma.
Cerebral angiography was performed to delineate the vascular anatomy of the tumour for surgical planning. This revealed hypertrophied medial and lateral posterior choroidal arteries supplying the tumour (Figure 2A and B), with substantial tumour blush. In an effort to decrease tumour vascularity, the patient underwent embolization with Onyx 18. Under general anaesthetic, an Apollo 1.5cm detachable tip microcatheter (Covidien, Irvine, CA, USA) was navigated into the hypertrophic lateral posterior choroidal vessel ( Figure 2B and 2C). After flushing with dimethyl sulfoxide (DMSO), the tumour was successfully devascularized with Onyx, which took less than 10 seconds due to rapid reflux, and required less than one mL of liquid embolic ( Figure 2D -F). The microcatheter tip detached readily and easily. The endovascular procedure was well tolerated, and she was scheduled for open tumour resection the following day.
Via temporal craniotomy, a corticectomy was made in the middle temporal gyrus. The exposure was carried down into the ventricle where the tumour capsule was identified. Greyish-tan in color, the capsule was coagulated and the tumour debulked internally with the Cavitron ultrasonic aspirator (CUSA, Integra Radionics, Plainsboro, NJ, USA). The capsule was mildly adherent to the choroid plexus but the tumour was completely resected with what was judged by the surgeon to be minimal blood loss.
The pathology examination revealed an atypical, World Health Organization grade II meningioma ( Figure 3 ). The meningioma exhibited moderate hypercellularity and pleomorphism, immunoreactivity for epithelial membrane antigen ( Figure 3A) , and intratumoural vessels were filled with the Onyx embolizate ( Figure 3B ). Mitoses were readily found ( Figure 3C ), as many as six per ten high power fields. The MIB-1 labelling index of proliferation was as high as five percent. In addition to the Onyx embolizate, there were abundant infiltrating foamy and CD68-immunoreactive macrophages ( Figure 3C and 3D) .
The patient had an uncomplicated post-operative course and was discharged home on post-operative day five. At no point did she require a blood transfusion. At six-month follow-up, she remained asymptomatic and neurologically intact. Post-operative CT and contrast enhanced MRI ( Figure 1C and 1D ) revealed complete resection of the tumour with no evidence of recurrence.
DISCUSSION
Pre-operative embolization of meningiomas was first described in the early 1970s. 2 Proponents of this surgical adjunct cite decreased operative blood loss, increased tumour necrosis, and decreased operative time as reasons for devascularization preoperatively. 2 However, risks such as stroke or puncture-related complications typically limit the use of this adjunct to those cases where benefits are thought to outweigh risks. 2 Onyx is an ethylene vinyl alcohol copolymer DMSO solvent. Tantalum is also added to increase radio-opacity. Upon contact with aqueous solutions, including blood, the solvent dissipates and the liquid Onyx forms a cast which progressively hardens. This then enables slower and potentially more controlled injections. Typically used to treat arteriovenous malformations and dural arteriovenous fistulae, Onyx has also been used to treat some intracranial tumours. 3 However, this is the first reported use for an intraventricular meningioma.
Previous studies investigating the use of Onyx as an embolizate have suggested decreased operative blood loss and transfusion requirements, as well as decreased operative time and length of hospitalization. 1, 3, 4 Although the study failed to show a difference in operative time, degree of resection, or transfusion requirements between the two groups, authors claimed a statistically significant difference in total length of hospitalization. 4 Others have also reported decreased operative blood loss and transfusion requirements, compared to matched historical controls. 5 Intraventricular meningiomas are relatively rare, which may account for this lacune in the embolization literature. Their relatively deep location and blood supply renders them favourable for Onyx embolization as particulate embolization carries a high risk of occluding intracranial arteries. Here, because the hypertrophied choroidal vessels enabled catheterization, we were able to deliver Onyx in a controlled fashion and successfully devascularize the tumour. However, this technique still entails considerable risk of stroke which, in this case, could have potentially affected the posterior choroidal arterial distribution (visual field loss), or infarction in the territory supplied by the posterior choroidal arteries, which can also cause visual field or hemisensory loss, and neuropsychological problems. 
CONCLUSION
Embolization with a liquid embolic such as Onyx may provide devascularization of intraventricular meningiomas, lesions that would not otherwise be amenable to particulate embolization. This presurgical adjunct still entails considerable risk and careful consideration of the risk versus benefit profile for each patient must be evaluated.
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